We report results for the interaction measure, pressure and energy density for nonzero temperature QCD with 2+1 flavors of improved staggered quarks. In our simulations we use a Symanzik improved gauge action and the Asqtad O(a 2 ) improved staggered quark action for lattices with temporal extent N t = 4 and 6. The heavy quark mass m s is fixed at approximately the physical strange quark mass and the two degenerate light quarks have masses m ud = 0.1m s or 0.2m s . The calculation of the thermodynamic observables employs the integral method where energy density and pressure are obtained by integration over the interaction measure.
Introduction
The equation of state (EOS) is important for phenomenological models of quark-gluon plasma formation and decay, which is currently under experimental study at RHIC and elsewhere. We have determined the EOS with the Asqtad quark action [1] for 2+1 flavors, combined with a oneloop Symanzik improved gauge action [2] . The Asqtad action is well suited for high temperature studies since it has excellent scaling properties and much better dispersion relations in the free case than the standard Wilson or staggered actions, which means decreased lattice artifacts above the transition.
Our nonzero temperature studies are at N t = 4 and 6. Even with Asqtad improvement, for T ≤ T c , an N t = 4 lattice has a badly split pion taste multiplet with some members heavier than the kaon, which makes for questionable strange quark physics. At N t = 6 the taste-splitting is about half as large. One of our goals was to determine to what extent the increase in N t from 4 to 6 influences the EOS.
Action
The fermion part of the action we use is effectively written as:
where M(am f ,U, u 0 ) is the fermion matrix corresponding to the Asqtad 2+1 flavor staggered action. The gauge part is defined as:
The gauge couplings above are β = 10/g 2 , β rt = −β (1+0.4805α s )/(20u 2 0 ), β ch = −0.03325β α s /u 2 0 , with α s = −4 ln(u 0 )/3.0684 and u 0 = P 1/4 . For our simulations we use the dynamical R-algorithm [3] with step-size equal to the smaller of 0.02 and 2am ud /3. Our aim is to generate zero and nonzero temperature ensembles of lattices with action parameters chosen so that a constant physics trajectory (m π /m ρ = const) is approximated. Along the trajectory the heavy quark mass is fixed close to the strange quark mass. We work with two such trajectories:
Parameterization of the Constant Physics Trajectories and Run Parameters
Our trajectories are intended to approximate constant zero temperature physics. The construction of each trajectory begins with "anchor points" in β , where the hadron spectrum has been previously studied [4] and the lattice strange quark mass has been tuned to approximate the correct strange hadron spectrum. We adjusted the value of am ud at the anchor points to give a constant (unphysical) ratio m π /m ρ . Between these points the trajectory is then interpolated, using a oneloop renormalization group inspired formula. That is, we interpolate ln(am s ) and ln(am ud ) linearly in β . Since we have three anchor points for the m ud = 0.2m s trajectory, namely β = 6.467, 6.76, and 7.092, our interpolation is piecewise linear. For the trajectory m ud = 0.1m s we use two anchor
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L. Levkova Table 1 : Run parameters of the trajectory with m ud = 0.2m s at N t = 6. The asterisk indicates parameter sets for which both zero and nonzero temperature runs were performed. Table 2 : Run parameters of the trajectory with m ud = 0.1m s at N t = 6. The asterisk indicates parameter sets for which both zero and nonzero temperature runs were performed.
points at β = 6.458 and 6.76. For both trajectories, for values of β out of the interpolation intervals, the parameterization formulas are used as extrapolations appropriately. The run parameters of the two trajectories at different N t are summarized in Tables 1, 2 
Integral Method for the EOS derivation
To derive the analytic form of the EOS we employ the integral method [5] . We start from the thermodynamic identities: 
PoS(LAT2005)156
The Equation of State for QCD with 2+1 Flavors of Quarks L. Levkova Table 3 : Run parameters of the trajectory with m ud = 0.1m s at N t = 4. The asterisk indicates parameter sets for which both zero and nonzero temperature runs were performed.
The
2).
The above fit (4.5) giving the relative lattice scale is based on measurements of the static quark potential at zero temperature for a large set of β and quark masses. The absolute scale is fixed from a determination of the bottomonium spectrum [6] . The fit has χ 2 /DOF ≈ 1.1. Figure 1 summarizes our results for the EOS. The errors on all data points are calculated using the jackknife method, and we ignore insignificant errors on the derivatives of the bare parameters with respect to the lattice scale discussed at the end of the previous section. For the points where there is no zero temperature run, local interpolations are made to calculate the zero temperature corrections to the interaction measure. The integration of the interaction measure to obtain the pressure is done using the trapezoid method.
EOS results
The comparison between the N t = 4 and 6 cases for the m ud = 0.1m s trajectory shows that there is not a significant difference between them, except in the interaction measure near the transition region. The EOS results from the two different physics trajectories are very similar and for the temperature interval we studied, the deviation from the 3 flavor Stefan-Boltzmann values are large.
In the temperature region where we have data, we consider our pressure results to be in general agreement to a previous p4-action N t = 4 calculation [7] .
Conclusions
We have calculated the EOS for 2+1 dynamical flavors of improved staggered quarks (m ud /m s = 0.1 and 0.2) along trajectories of constant physics, at N t = 4 and 6, where the latter is the first result of its kind. Our results show that the N t = 4 and N t = 6 results are quite similar except in the crossover region where the interaction measure is a bit higher on the finer N t = 6 lattice. We also do not see significant differences between the EOS results from the two physics trajectories. We find large deviations from the 3 flavor Stefan-Boltzmann limit. Our results are comparable with previous calculations [7] .
PoS(LAT2005)156
The Equation of State for QCD with 2+1 Flavors of Quarks L. Levkova 
